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Abstract. Romanian agriculture has a high productive potential owned to the existent 
agricultural area and to the employed population. The sustainable development of agriculture implies 
protecting the environment, improving quality of life in the rural area, manufacturing agricultural 
products based on green principles, but also practicing an efficient and competitive agriculture, based 
on high economic efficiency. Improving performance and competitiveness targets the efficient use of 
production factors in accordance with the principles of sustainable development.  
Data Envelopment Analysis (DEA) represents an opportunity to assess the performance of 
socio-economic systems, necessary to justify decisions to allot resources and to rationally establish the 
objectives in this sector. This method is used by the paper to show the current sustainable development 
stage of Romanian agriculture compared to the average level recorded by EU agriculture, which 
represents a goal for Romania for a medium-term time horizon. DEA confirms the information 
originated from the analysis of statistical indicators regarding the considerable gap between the 
performances of Romanian agriculture and the ones of the EU concerning the efficient use of land and 
labour force.  
The results of the analysis may serve to justify decisions regarding organizational, technical 
and economic changes that must be done through the agricultural policy of Romania to increase 
efficiency and competitiveness in this important sector of the national economy.  
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INTRODUCTION 
 
Romania’s accession to the European Union implied undertaking the acquis of the 
agricultural sector, which meant extensive reforms of the agricultural policy and rural 
development. Making Romanian agriculture compatible with the Common Agricultural 
Policy (CAP) required the use of mechanisms to support completion of land ownership, 
developing the segment of family agriculture, reducing the market distortion and developing 
appropriate institutions to implement and coordinate the agricultural policy’s elements. 
Nevertheless, Romanian agriculture has low performances due to excessive fragmentation of 
land property (subsistence farming is predominant), poor endowment with machines and 
equipment, precarious state of rural infrastructure, low amounts of chemical or organic 
fertilizers and pesticides used, dramatic reduction of irrigated areas, soil degradation, chronic 
deficit of available financing and the absence of a functional system of farming credit (NSDS, 
2008).  
Due to its specific, agriculture is an activity sector with a strong environmental impact. 
It is responsible for a series of negative effects on air, water and soil through emissions of 
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chemical substances used for fertilization, gas emissions and waste from animal farms, heavy 
metal pollution, and diminishing biodiversity. Therefore, an important task of governmental 
institutions targets to harmonize two aspects of agricultural development, namely to improve 
performance and efficiency in the agricultural sector and taking into account the 
encouragement of less polluting sustainable practices.   
The new development philosophy adopted by the European Union and widely shared 
globally – that of sustainable development – requires the integration within the national 
policies of the objectives meant to ensure the adoption and implementation of sustainable 
practices at the level of all the activities that interact with the environment. That is why the 
European agricultural model promoted by CAP is directed towards the market, it is based on 
efficiency and competitiveness and, at the same time, it ensures the integrated development of 
rural economy, environmental protection and the increase of quality of life in the rural area.  
The National Strategic Plan of Rural Development and the National Sustainable 
Development Strategy of Romania contain provisions to promote the European model of 
production and consumption in agriculture. Being based on new principles and practices, 
sustainable agriculture aims to harmonize economic and social aspects with requirements of 
environmental protection and leads to achieving high efficiency of the used resources.  
The analysis and assessment of Romanian agriculture in terms of sustainable 
development requires careful monitoring of the undertaken efforts and of the recorded results. 
Various methods and models belonging to statistics, econometrics, economic analysis and 
other sciences are used for this purpose. An analysis opportunity is represented by Data 
Envelopment Analysis (DEA), introduced for the first time by Charnes, Cooper and Rhodes 
in Operations Research literature in 1978. In the following period, DEA was the object of 
numerous studies and applications, being considered a viable alternative to the regression 
analysis for measuring efficiency within socio-economic systems (Ray, 2004; Sarkis, 2000).   
It is considered that DEA provides a good foundation for decisions and offers results 
compatible with the solutions resulted from Multiple Criteria Decision Making (MCDM). 
Compared to the traditional MCDM approach, Data Envelopment Analysis provides notable 
advantages resulted from the lower volume of required information and from the possibility 
of ranked alternative valuations that may be useful for some decision makers (Sarkis, 2000). 
In recent years, the method was used to resolve decisional problems, both at firms and 
at public institutions, as well as in economic sectors from different areas, such as health and 
education (Afonso and Aubyn, 2006), telecommunications (Afonso and Scaglioni, 2006), 
agriculture (Andre et al., 2010), irrigation efficiency (Ylmaz et al., 2009), waste management 
(Sarkis, 2000), environmental performance valuation (Kuosmanen and Kortelainen, 2004), etc. 
For the efficient use of DEA in substantiating decisions regarding market analysis, financial 
planning and resource allotment, adequate software was developed (for example, KONSI 
DEA software).   
In this paper, the Data Envelopment Analysis method is used to assess the current 
level of sustainable development of Romanian agriculture compared to the average level of 
the indicators in European agriculture. These are designed to be target indicators that must 
become reality also in Romania in a medium-term time horizon (NSDS, 2008).  
 
MATERIALS AND METHODS 
 
The DEA methodology is used to measure performance within socio-economic 
systems of the same type. Performance may be expressed through efficiency, productivity and 
any other indicator established as a ratio between inputs and outputs. DEA allows the 
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performance valuation of the analyzed systems, their ranking and evaluation of the way 
resources are allotted. DEA analysis model has been developed for decision making unit's 
evaluation (Alirezaee and Ja'fari, 2000). 
To implement the method, we identify the existence of an efficiency frontier given by 
the most efficient system and all the other systems will refer to it (Andre et al, 2010; 
Madlener et al., 2009). To reach the frontier imposed by the reference system, the less 
efficient socio-economic systems must increase efficiency, which requires adjusting their own 
inputs and outputs.  
Analysis models may be directed towards inputs or towards outputs (input or output-
oriented models) and form linear programming problems. The solutions supplied by input-
orientated models target the resources that must be minimized (contracting input or input 
minimization) in order to increase efficiency while maintaining the same outputs from the 
system; for output-orientated models, it will determine the values by which the results must 
be increased (expanding output or output maximization) without changing inputs (Cooper et 
al., 2004; Ray, 2004).    
Placing a system in a certain position within the frontier comes from the relative 
efficiency that characterizes it compared to the reference system. The obtained results serve to 
justify decisions and to direct actions for the alignment of the system to the efficiency 
frontier. 
In this paper, Data Envelopment Analysis is applied for the Single input Single output 
cases (Ramanathan, 2003). The analysis model is build for the systems that are going to be 
analyzed (decision making units), marked with i  (i=1...n), whose input variable is the 
resource consumption xi and the output variable yi. The systems efficiency (Ei) is determined 
as follows:  
 
i
i
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E =  (1) 
 
The distance of the systems from the efficiency frontier is indicated by coefficients. 
They quantify the relative efficiency and are calculated as a ratio between the efficiency 
indicators of each system and the efficiency indicator from the most efficient system that 
defines the frontier (EF) and which is assigned a score of 100%. The ki coefficients are 
calculated as a percentage:   
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The elements of the vector A=ai  (i=1…n), called the vector of resource adjustments, 
are established with the help of these coefficients.   
For input-orientated models, the ai elements in absolute and relative size are 
determined as follows:  
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For output-orientated models the relations are:  
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The elements ai express by how much the input resources of the inefficient systems 
must be diminished to have resource consumptions similar to the reference system (input-
orientated models) or by how much the outputs must be increased to obtain the same 
efficiency of the most efficient system (output-orientated models).  
 
RESULTS AND DISCUSSION 
 
 In order to accurately assess the state of Romanian agriculture in terms of running a 
sustainable development, it’s necessary to characterize the main aspects of it by making a 
comparison with the elements that define the European agricultural model (Tab. 1). 
  
Tab.1 
Indicators of Sustainable Development - Romania and EU 27 
 
Indicators UM 
Romania EU 27 
Absolute Related to UAA Absolute 
Related to 
UAA 
Economic-social indicators in agriculture 
Utilised agricultural area, 2007 ha 13753050 - 172485050 - 
Value of intermediate consumption in 
agriculture (basic prices) – seeds and 
planting stock, 2008 
million 
euro 
927.68 0.000067 10939.47 0.000063 
Agricultural gross value added at 
producer prices, 2008 
million 
euro 
8334.6 0.000606 142799.5 0.000828 
Gross value added - Agriculture, 
hunting,fishing - current basic prices 
2008 
% of all 
branches 7.5 - 1.8 - 
Agricultural labour input, 2008 AWU 2152000 0.156 11474000 0.066 
Farm holders with age <35, 2007 % of all persons 2.9 - 7.0 - 
Farm holders with age >65, 2007 % of all persons 45.9 - 28.8 - 
Agricultural indicators related on environment (Agri-Environmental Indicators) 
Irrigated area, 2007 ha 173450 0.0126 10345270 0.060 
Consumption of mineral fertilisers in 
agriculture,2008 
Kg of 
active 
ingr. 
331548.37 0.0241 17897623.29 0.1038 
Spending on inputs (fertilisers and soil 
improvers, plant protection products, 
feeding stuffs), 2007 
million 
euro 
4037 0.000293 102175 0.000592 
Greenhouse gas emissions from 
agriculture, 2006 
tonnes 
CO2-eq 20062754 1.459 469848813 2.724 
Source: Eurostat (2009). Agricultural statistics Main results — 2007–08 
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In the table, the analysis indicators are grouped into the three dimensions of the 
sustainable development system, and for Romania, their presentation is done by comparison 
with the average level of the same indicators recorded in the European Union. According to 
the National Sustainable Development Strategy, this level is a goal for Romania in a medium-
term horizon.  
A first stage is the analysis of the statistical indicators that allow highlighting various 
economic, social and environmental aspects that interact with agriculture. Socio-economic 
indicators are useful to characterize agricultural efficiency depending on the consumption of 
the main production factors with economic and social features, such as lands, consumption of 
biologic material and labour force. Through their content, the agri-environmental indicators 
illustrate the sustainability of agricultural practices, of the used production systems, the 
pressures and risks regarding the environment and they allow the impact valuation of the 
agricultural activities both through resource consumption (fertilizers, substances for plant-
health) and through noxious gases emitted into the atmosphere.   
For Romania, agriculture is still an important sector of economy due to the role it has 
in providing jobs, creating value and ensuring food security for the population.   
Romanian agriculture has a high productive potential, its 14.7 million hectare rank it 
7th in Europe (Statistical Yearbook, 2008). In 2008, the population employed in agriculture 
was 29.5% of the total employed population, well above the EU average. The gross domestic 
product share of this branch is 7.5%, a percentage that is four times higher than the level of 
the same indicator for the whole EU.  
A dominant feature and, at the same time, a major problem of Romanian rural 
economy is the large share of individual agricultural farms (99.5%), which manage very small 
portions of land, 2.3 ha/farm. The considerable gap to the EU average of 19 ha/farm points to 
significant differences regarding the organization method and how agricultural activities are 
run in comparison to the European model. Furthermore, the labour force per one hectare of 
land is over two times the average of the EU and it shows an advanced ageing process. Farm 
holders over 65 years old account for approximately 46% of the total employment in 
agriculture (a ratio of 16 to 1 compared to the work force under 35 years old), which is a 
clearly disadvantageous situation compared to the EU where farmers over 65 years old 
represent 28.8% and the ration between old farmers and farmers under 35 years old is 4 to 1 
(Romanian Statistical Yearbook, 2008; Eurostat, 2009). These socio-economic aspects cause 
Romanian agriculture to create an added value of only 606 euro/ha, which is approximately 
27% lower than in the EU.  
The situation of Romanian agriculture is not presenting favourable aspects regarding 
the environment component either, although the agri-environment indicators have superior 
values to the ones recorded by the EU. Watching the consumptions of water, mineral 
fertilizers and biological material per hectare, it can be seen they are lower than the EU 
average. The situation is not due to better resource management, but to the fact that after 1990 
the process of changing agriculture was accompanied by negative effects, such as excessive 
fragmentations of properties and the formation of subsistence farms that lacked financial 
resources, which lead to low use of fertilizers, to the dramatic reduction of irrigation systems 
and to abandoning large areas of land (NSDS, 2008). Thus, the diminishing of average 
consumptions per area unit is explained by the increased economic and social vulnerability of 
farmers.   
Regarding air pollution from agriculture, it is two times lower than in the European 
Union and is largely due to the same cause, namely, the limiting of the farming activities 
practiced in conventional system and to a lesser extent, to the conversion of a part of 
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agriculture to organic systems. In 2007, the area under organic farming was less than 1% of 
the utilised agricultural area (UAA) in Romania, and in 2008, only 71597 ha were organic 
crop areas. 
The analysis of the situation of agriculture in Romania, conducted with the help of 
statistical indicators, revealed management deficiencies at the level of important factors on 
which the efficiency of this sector depends, namely the used agricultural lands, the work force 
and the value created by this branch.   
The three factors identified as having significant variations compared to the level of 
the indicators in the EU are still selected to deepen the knowledge regarding their actions and 
their contribution in creating performance in agriculture. The chosen study method is Data 
Envelopment Analysis (DEA), which will also allow identifying ways to increase efficiency 
in the agricultural sector of Romania.   
Because its main objective is the comparative analysis of efficiency in agricultural 
systems in Romania and the European Union in the context of sustainable development, Data 
Envelopment Analysis is reduced in this case to only two productive systems.  
Determining relative efficiency of indicators in Romanian agriculture, by referring to 
the average EU levels, highlights the lack of performance occurred at the level of the socio-
economic component of sustainable agriculture, while regarding the ecologic component, all 
the indicators are in a state of efficiency (Tab. 2).  
 
Tab. 2 
Efficiency of indicators in sustainable agriculture 
 
Indicators 
 
Agricultural GVA / indicator 
(euro/UM) 
The relative 
efficiency of 
Romanian 
agriculture 
(EU 27 = 100%) 
Effic./ 
Ineffic. 
Romania EU 27 
Economic-social indicators in agriculture 
Utilised agricultural area, ha, 2007 606 827.9 73.2 I 
Value of intermediate consumption in 
agriculture, euro 9 13.1 68.7 I 
Agricultural labour input, AWU 3873 12445.5 31.1 I 
Agricultural indicator related to the environment 
Irrigated area, ha, 2007 48052 13803.4 348.1 E 
Consumption of mineral fertilisers in 
agriculture, Kg of active ingredient 25138.4 7978.7 315.1 E 
Spending on inputs, euro, 2007 2.1 1.4 150 E 
Greenhouse gas emissions from 
agriculture, tonnes CO2-eq , 2006 415.4 303.9 136.7 E 
 
Using DEA leads to focusing attention on the most significant production factors 
considered critical, namely, agricultural lands and work force as input factors in agriculture 
and gross added value as an output factor.  Because environmental factors suggest efficiency, 
although is it debatable, they will not intervene in the analysis and the performance state of 
Romanian agriculture will be studied separately only for the chosen resource consumption 
indicators and not by aggregating the efficiency of all the variables. The favourable state of 
agriculture in terms of environment could become a stable advantage in the future, if it is 
consolidated through conversion measures from conventional technologies to green 
technologies.  
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By implementing DEA as an input-orientated model for the used area and for the work 
force, and as an output-orientated model for the Agricultural gross added value indicator, we 
get data about the target size of the analyzed indicators and about the necessary changes (Tab. 
3). The results of Data Envelopment Analysis of Romanian sustainable agriculture show that 
this economy sector is at an inferior development stage, being placed behind the efficiency 
frontier represented by the European Union. 
 
Tab. 3 
DEA results and implications on Romanian agriculture 
 
Indicators 
DEA results  
– input oriented 
DEA results  
– output oriented 
Change of resource  
consumption 
Change of Agricultural gross  
added value 
Target size Adjustment Target size (million euro) 
Adjustment 
Absolute % Absolute % 
Utilised agricultural 
area, hectares 10067232.6 3685817.4 26.8 11386 3051.5 36.6 
Agricultural labour 
input, AWU 1482728 669272 68.9 26800 18464.8 221.5 
 
 
To increase agricultural efficiency, the DEA approach suggests two possible 
situations. A possibility refers to reducing the lands for agricultural activities by 26.8% and 
the substantial reduction of the labour force by 68.9%. In this case, the efficiency of 
Romanian agriculture would be at the EU level. These adjustments are difficult to put into 
practice, but they would lead to achieving productive and organizational structures similar to 
the ones in the developed European countries. This option implies unwanted social sacrifices 
and the partial use of the natural and human capital.  
Therefore, the second solution resulted from DEA can still be discussed, namely, 
maintaining unaltered the size of the production factors – land and work force, but increasing 
their intensive use at least to the EU level. Taking measures of organizational, technical and 
technological restructuring will stimulate the profitability of the agricultural lands and will 
lead to an increase of the agricultural gross added value by 36.6%. Increasing work 
productivity to the EU average will practically mean a doubling of the agricultural added 
value. In other words, through a better use of the production factors, Romanian agriculture 
could double its results.        
 
CONCLUSIONS 
 
The current Common Agricultural Policy sets complex objectives for the sustainable 
development of agriculture in EU countries. Valuating their performance should be made in 
an integrated manner in which issues of economic efficiency, as well as technical, ecological 
and social aspects are pursued. Through its specificity, DEA may be used as a technique of 
global assessment for efficiency and to assist decisions (Madlener et al., 2009).  
Data Envelopment Analysis is also an extremely useful instrument to sense the 
vulnerabilities and the strengths of each decisional unit, serving to identify opportunities to 
improve the transformation of resources into results. By changing functional parameters, the 
system detected as relatively inefficient compared to the best placed system may also reach 
the efficiency margin. In this paper, the Data Envelopment Analysis technique was applied to 
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study the defining features of the Romanian agricultural sector and its performance, seen from 
the perspective of the European model of sustainable development.  
The models used within the analysis have highlighted the modest position of 
Romanian agriculture in relation to the EU-27 regarding the low efficiency of land use and of 
labour force use.  
Linking agricultural activities to environmental indicators suggests low impact and 
aspects of relative efficiency, which may create a comparative advantage for green 
agriculture. It is necessary to use with increased efficiency the resources available for 
Romania in order to achieve a modern European agriculture, which involves major 
organizational, technical, technological and institutional changes. 
The changes recommended by using Data Envelopment Analysis could be key 
objectives of the sustainable agriculture development, which, on long term, will ensure 
increased performance and competitiveness for this industry. 
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